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A stu%- to evaluate the status of' water-quality in Cliemimg Lake 
was carried out 'Cliiri:ng the S'uiimer of 1971- 

Chemwig. Lafce lies in two^ pliysiographic regions kn'OWE -as, the 
Peterborough Drimlin Field and the Duimier Moraines* Both regio'ns are 
■characterised by rolling topography .^ limestone bedrO'.ck Mid soil derived 
from stony, lo^am glacial till. Generally, the soil cowr throughout the 
area is less than the five feet required by the Ministry of the Enviroiment 
for the ins.tallation of septic tatdc syst'eme* 

Relatiirely lunifoiro temperatmrei. ,, with reBpect- to depth ,.5 were obserred 
through out the year in Cheiiung, Lakm, Occasionally., low deep-water 'diseolved 
0'3Qrgen concentrations and high carbon dioxide levele reiB/ulting fropi decompositiQn 
of organic matters biological respiration and di,emical oxidation vere 'atoeerved*. 

Total aUcalinityj. hardness iand conductivity valuee Indicated that moderately 
h ard water conditions prevailed in the lake* 

ThS' enriched nature of the lake was reveal,ed by moderately high me^an, 
concentrations of total ,Kjeld.ahl nitrogen (0. 55 mg/l) and total phosphorus 
COuQgS mg/l), J, two nutrients critical for aquatic plant and algae growth.. 

Algal levels .as. meas^ured by chlorophyll a concentrations were moderately 
high during, A'Ugust and September, 

In view of the high nutrient eoncentrations and moderately high 
chlorophyll a levels ^ eve:ry effort should be made to prevent ai^' direct 
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flO¥ or leaGhate from dooaestic waste dispOiSal eystems or other potential 
saurees of pollutiO'ii frCTi, gainiiig, aceeas to the lake. 



Chemmig Lake was geo,erally well within the ■baoteriologieal 
criteria for total ho^dy contact Wscreational nse during all three surveys* 
Howeirer, in June there was an eleTated Fecal Streptoeoecus leTel over the 
central portion of the li*e whiah exeeeded the OmC eriteria and TQt.al 
Colifom co''Un,ts increased considerably after the June 25 rainfall* 
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IITRODUCTIO'N 

MaiDtenance o^f good water quality in recreational laJceg in the 
Province of O'ntario is of vital concern to the Ointario Ministi^ 
of the Eiivironin;ent and other goverimental agencies in%''olved in 
toiirism and the control and naans^;ement of shoreline developiiiea.t of 
cottages and resorts. In 1970 an interdepartmental, program vas 
established to eurrey a nwnber of recreational laJces in order 
to detect and correct eO'Uree-s of water pollution and ensure that 
our lakes vould he ■well man^aged to protect water quality. Th.e 
Ontario Department of Health, whose Jurisdiction in this program, 
wa.s tr^ansf erred to the Ministry of the Environment^ would carry^ out 
on-shore inspection and correction of faulty private was^te disposal 
systems, whereas the Ontario Water Resources CO'imiseion (now within 
the Ministry of the ,E:nvironjs,ent) would evaltiate the ejcisting water 
quality of the respective- laJtes . A record of the present -statua 
of the private waste disposal systems ajid the lake water quality 
would also he docum,en,ted for comparative use in any future studies* 

Recreational lak,es are suhjected to two major types of water 
quality l,mpairment; bacteriological contamination and exceesive 
grcwths of al.gae and aquatic weeds (eutrophlcstlon) • The two 
prohl'ems may result f,roHi, a c^^mon source of wastes hut the consequenees of 
each are quite different. Bacteriological cont^ami nation by raw 
or inadequ.ately treated sebr'age poses ian Imiiediate public health 
hazard if the water i,s used for bathing. In order for this to 
ocemr, rmw or other inade^quately treat-ed wm.stes or septic tank effluents 
must gain entry to the la^e althO'Ugh it may not he obvious upon 
visual inspection of the site. It ii,ust he noted that no surface 
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irater is eonsi'dered safe for hunan eonsumption, witho'ut prior treatment 
iMludiiig disinfection. Thje algae aji,d weed growths impair aesthetic 
v.al.ues BMd recreation.al use of a lake but seldom pose a health hazard. 
There are nutrient soiirces. other th.an sewage waa^tes wliioh do not 
ereate seriouB Ibactarial ha.'Z.ards "but do^ support nmsance plant growths 
such 'BM agricultural fertilizer losses .and nomal nutrieiit runoff 
from, forest and field. 

In order to c.ar'ry out its res pons ibi lit j of evaluating the 
iS'tatus of water quality in recreational laJfces ^ the Ontario Water 
Resources Co^mmission uBdertook a study^ on Che:m,ung Lake in the 
sufflmer of 1971. This study included the assessiient of the lake 
with stress being placed on the ba.cteriologic.al ma^ nutrient 
enrichment problems , 

;ftysic.als, chenlcal and biologic^al surreys were conducted eleven 
times during the sunmer of 19T1- 

'Three baeteriologic.al s\ir¥eys were conducted; a spring: survey fraii, 
June 2h to 28^ a mid^suraier survey from August 6 to l6 .and a 
fall survey from Sept'enib'er l6 to 20' inclusive. Sampling each day 
for a mininiuiii of five days is mandatO'ry for a. re liable sssessment 
of baoteriologiGal conditions.. 

In addition to the results obtained from these studies , infoniation 
from other governMental agencies has been ineO'rporated in this 
report, which is the Ontario Water Resources Co^mnisB ion's contribution 
to the Interdepartaental Task Force Report which will deal with the 
overall cottage pollution progrsii in Ontario* 
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The ''Kawartha Lakes Water Management Study''' -^m also initiated 
in 1971 to exajniiie the eomplex protleiis. of eutrophication whicli exist 

in. the Kaw^artha Lakes including Cli,eii,wi,g Lake. The broad objective 

of this atMj is to. deTelop a Wiater man^agement plan to^ protect and 

develop the reeT'e®tion.al poitential O'f the watershed. Included in 

this study are programs, to evaluate the trophic status of' the lak,eB't 

the sources of nutrients to the lakes'^: the nutrient cycling system 

within the lakes ajad the specific effects on the water enviroraieiit 

of various wastewater inputs. An experiment is also planned to evaluate 

weed harvesting, both as^ a method of enhancing, the recreational use 

of a lake and of providing a nutrient drain that dO'id.d eignificiaitly 

reduce the quantity of nutrients available for plant growth in the 

future. Along with this experiment, affects of weed ha,rvesting on 

the sport fisheries is being evaluated by the biologists of the DepartMent 

of Lands and Foreets (now within the Ministry of latmral Resources). 

Th,e stu'dy is expected to Ciontinue for at least three years -ajad .some data 

from the first year are Included in this report* 

A joint federal-provincial study comiiiittee (CORTS) has recently 
released a report entitled "The lideau-Trent-Severn - feeterday 
Today Tomorrow^'' which eonsiders optimum recreational development 
of the Rideau*Trent-Severn waterway corridor which includes part 
of the Kawartha Lakes . Water and other enviro'naental pollution 
proble:mi received the highest priority in the list of recO'mmendations 
in this report which was started in 196'T. Other recomendations were 
made de^aling with the use of open space, historic:al prei^ervati'On 



and interpretation,, public use are^as and other topies designed to de¥e.lop 
the corridor ^as a recreatloii resource. Many o^f the reeaDUien.datiQns 
of this report have already been implemented by various federal and 
provincial ag:encies such bm nutrient budget studies and eorreetlon of 
industrial waste disch^argee to the ■waterway* 
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ARM DlSCEIPTIOt 

Geography and Topography 

Cheiauaig Lake is located in the t'Owaships of Ennismore .and Smith in 
Peterb ©rough County., with the exception o^f the extreme southwestern, end of 
the lake which is in Emly Township in Victoria Cowi,ty, The lake is 
approxiiaately five kiloimeters (3 miles) northwest of Peterbo.rough Mid 
foiTOS the weste,rn boimdary of the hamlets of Bridgenorth and Chemung Park, 

'The lake lies i,n two physiographic regions which are idi,¥ided by a 
line nin.ning east to west between Harri:ngton Narrows and Reserve Island 
(Figure l) ., The Peterborough Drumlin Field lies soiith of the line and 
the Dunmer Moralne.s lie to the north. The Peterhorough D'rumlin Field is 
cha.raeterised by rolling terrain (drumlins and eskers) and Trenton 
lime.sto.ne bedrocli. The soil type is of the Otonabee Series, a membe.r of 
the Birown Forest Groups whose pa.rent m.ateria.l consists of a sandy loam 
te'jctured glacial till containing a .moderate am,.0'Wit of stone. Although 
the depth of till varies locally with a gra'dual increase from north to 
south .J, the soil cover is generally less tha.n the five feet required by 
the Ministry of the Environment for the installation of septic tank, 
eysteaa , 

The DuBuier Moraines are eh^aracterized by shallow till overlying 
..Black River lime.stone bedrodk. The .soil is of the Dummer Series which is 
also a member of the Brown Forest Group but differs from the Otonabee 
Series in that the pa.rent materials are very stony loam till. The deeper 
soil areas have moderate to steep sloping hills, while the shallow soil areas 
h.ave und.ulati:ng l:and with numerous slabs of jutting bedrock. .As with the 
.Otonabee Series the soil cover is gener.ally less th.an the five feet requi.red 
by the Minist:ry of the Enviroiment for the installation of septic tank 
systems ,. 
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The shoreline is generally gradual tO' steep sloping with most areas 
immediately behind the shO're 'being cleared of trees . The forested ,Breae 
.are primarily at the northern end wad ^are mainly deciduotiB with sugar maple 
trees predominating. 

Ch'efflimg LaJie lies in, a preglacial valley which formerly drained 
towar'ds the so^uthwest and w-as sofaewhat deepeEed hy glacial action. 
During the retreat of the glaciers, moralnal debris was^ deposited at 
the sO'Uth end of the ¥alley blocking the old drainage pattern and 
creating a long and narrov lake presently knmrn .as^ Chemung Lake. The 
l^ake level was artifieally rais:€d by eonstrmction of the Trent 'Canal 
SyBtem. and its numerous dams . 

'The l^aJie is approximately 2^ kilometers (l5 miles) long and hoM an 
average width of 1,3 kiloaeters, (0.:8 miles),, The shoreline has few 
irregularities .and is 66 kilometers {kl miles) long. 'The lake h.as a water 
murface area of 25 square 'kiloiaeters (lO square miles) with a majcimim 
depth of T meters {23 feet). Aquatic vegetation is ^undant throughout Wm 
entire lake.. 

Climate Range 

The .K.»rartha Lakes region has colder winters a^d later springs than 
those regions lying closer to the moderating effeetB.. of the Great Lakes, 
The mean annual temperature is 6^C (^-3^F) while the winter and auiiiiier 
mean tempOTatures are -^B.O^C (iS^F) and, W^C (66-®'F) respeetiirely. The 
annu.al preeipitation ranges from 67 eentimeters 1 26 inches) to 86 
centimeters (^0 inches) including 200 centimeters ( 80i inchee) of snow.: 
Aceordi'ng to raeteorological records, the area enjoys Aout 2'^0 days with nO' 
me.,as^urable precipitation. The suiflffler climate is conducive tO' most 
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recreational activities .ajid the winter with its abimdance of euow 
provides for partlcipatioe in most winter sports. 

'Water Movement 

Chemung Lak,e is part of the Trent Canal System an,d lies in the Bay 
of Qmlnte TenainsJ Drain..ag,e Basin • The lake has fomr small inlets » 
three in the eouth end and 'One in 'the north, aU of which have I'Ow flmra 
and drain agricultural laa.d* The only O'Htlfit is at Hi^rlngtoa l^arrows 
which empties into Buekhorn Lalie. 

Shoreline Development 

Chemung Lake has. a heavi 3 j- -developed ehoreline with apprO'Xiii,atelf 
890 cott^es situated continuouely along it with the exception of a few 
loeal are^. sneh as^ the Curre Lake In^dian, Reserve* The appen,ded :iiap 
(Figure l) shows the relative densitiee of the cott.^.e area^. The 
hamlets of Brl%enorth smd Chemung Park are located along the west-central 
shore near the causeway. ^.Hie causeway ie a solid structure with a narr'ow 
hridge near the east end. 

Water Us^a^e 

Although there ^are a few private wells for the pemaiieiit h^craes on 
Cheniung Lake, most of the cott^agers nsm the lake w^ater as their source of 
dcmestic water eupply* The l^afce is maiiily uae'd for recre.ation.al purposes 
such ^ anglings swimming and boating • According to the info:nmation availalble 
from the Departiient of Lands and Forests the common, fish in the lake are 
ma^ikinoEgej smallmouth and largemouth hssBs walleye ^ catfish^ carp 5, pumpklnseed^ 
yell'OW perch 5 rock bass and white suckers. Cheni'iing Lake is part of the 
Trent Canal System mi,d according to the Department of Tourieffl and 
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Information,, l8,,5l6 boats med the system in I969. Boaters spent an 
estimated $8.6 million md an, additional $3.6 mllion was. s,pent by the- 
Federal Department of Transport for operation 3, mainten-ajiee ^and capital 
le^enditure, 'Ttius^ $12,2 mllion was injected into the econonv of those 
areas adjacent to the Trent C^synal in I969. 

PreTTioms O^WRC surveys of the himlets of Brl,'dgen0rfch .Em,d Chefflmng P^^k 
■■did not reireal 'm^ signific-^ant direct waste diseharges to the lake,* 
Reports of the local, Health Unit.^ however, indicate that nnmerous 
problems with the operation, of septic tank systems have occurred as a 
resu,lt of small huilding lots .and a prevalent high groimd water tatoile. 
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FIELD AID LABORATORY METHODS 

Physieal,-, Chemical .and Biological. Field Metho'ds 

In selecting the physical, cheittical, .and ■biological sampling sites on 
Chem:im,g Lake an. endeavour was made to choose the deepest lo-eatioii» As 
well J a sufficient number of additional st.ations were s-ampled to represent 
adequately the eatire la^e (F'i,gure l). 

Temperattare profiles were determined at each station using a 
te.lethermQmeter . Di;sao.lved o,3Qrgen levels were measured. ua:iiig the aJ^aline 
aside modification of the Winkler method (Stand.ard Methods 13th E'dition).. 
Additionally ,5 s.ajraples for pH ,, total alkalinity and free carbon dioKide 
were collected M hel'OW the surface and Im above bottom using a Van 
Dorn water s^ampler* 'The total alk.al.inity .and free carbon dioxide 
concentrations were determined titrimetrically at the mobile laboratory 
located at Trent University ,, Peterborough.* 

At each station .5 two 32- ounce saittples were collected using a composite 
sampler lowered through the euphotic sone (2x Secchi disc) or to 
Im, above bottom.^ whichever was less. One s^ple^ for ehlorophyll .an.alysls ^ 
was inmediately preserved ¥i,th 1.0-15 drops, of .a 2% MgCOo suspension. The 
second sajaple w^as divided into two sub'-samples •, the first BUb-s,ajiple 
was frozen for phospho,rus and nitrogen analyses 5 ^and the second was 
refrigerated a^d subsequentJ^ analysed for iron .and. hardness. In additioo^ 
when the euphotic zone did not e,xtend to the bottom^^ s^amples were cO'Uected 
from Im above the sediment using a Van Dorn sampler aiid .submitted for 
phosphorus. 3 nitrogen , iron and harness .gu3,alyses ... 
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Physle^al^ Chemical and Biological Laborato'ry Methods 

All analyses were carried out using: routine OWIiC methods^ "bss.ed o«, 
Stand^aj-d Methods 13th Edition, 

Iron was measured after the ssmple had been, digested with acid to^ 

dissolve all forms, of iron present* 

Kjeld^ahl nitrogen <Bjad total phosphorus concentrations were determined 
after the sample w.as. digested with acid and an oxidizing agent to destroy 
organic matter * 

For ehlorophyll determinations .» 1 liter staples were filtered 
through a. 1*2 p membrane filter which was then extracted with 90| 
acetone for 2^ hours* Ahsorhaiice of the extract was. detennined at waYelengtha 
from, 600 to 750 mn 'i^ing a UnicaiTi, S^PlSOO ultra iriolet spectrophotometer* 
'The conGentrations of clilorophyll a were cal..eulated using the equation 
given by Richards, and 'Thompson (1952). 
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BseteriologiGal Held fiuid L.aborato3^ Methods 

'Two fi¥e-4ay^ Intensive bacteriolOigical surveys were completed in June 
and September, and one eleven-day s^unrey iras completed in August on 
Chemung Lake. In J'tmm BXid. August .5 ^3 samples were t^ak^en 6lb1]^^ including 
three depths satoplee at Stations l^D,. 220' ao^d 36D* In Septembers 
36 samples were taken daLly^ includi,ng depth samples at Stations ifcD 
,and 36D. "ttie following Stations;. 2^ 3^ 9t 13, 22, 22Dp 30 and 51 were not s^ampled 
sajipled in September due tO' a sbortage of lab^oratory personnel. 

Surface ssmples were collected at a depth one meter below the 
eurfaoe using sterile ^ aiitocla¥able,j po^ly carbonate 250 ml bottles. 
Depth saj^les were colleeted one meter .above the bottam using a 
modified "pig,af back" sampler and sterile 237 ml eTacuated :rubber 
air syringes . 

All samples were stored on ice aad deli'irered to the mobile 
laborato.ry within two to six hours land .analyzed for total coliforms, 
fecal colifo3nas and fec^al streptococeus using the membrane filtration 
(iff) technique (Standard MethodB 13th E^dition) except that m-Endo 
Agar' Les (Difco) w^as used for tot^al coliform and MaeCo«key membrane 
broth (Oixoid) was used for fecal colifo™ dete,raiinations ,. lti.e total 
colifonns (TC)^ fecal colifarms (FC) .an.d fecal streptococcus (JB) 
were used as "indicators" of fecal poUutlon. 'The "''Indicators*" are 
nonii^al flora of the large intestine,, .and are present in large numbers 
in the feces of' maii :and ani:^ls • 'When water is polluted with fecal 
material^, there is a potential 'danger that pathogens or dise^ase causing 
microorgani,sms may also be preeeat.. 
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Bacteriological Statistical Methods 

Fluctuations in bacterial eoneentratlons due to ehangimg 
envirO'nmentsl eonditionB require that a great number of s^amples he 
t-aten to airrive at a mean ¥alue which is represeiitative of a speeifi,c 
B^iffiiple location or sampling area. The most appropriate mean for 
bacterial leirels and this type' of data is the geometric mean. The 
vas"i quantities of bacteriological data generated from these samples 
necessitateii the developient of additional statistical methods to 
summarize the meeja, results intO' a more concise presentation* 'The 
statistical methods used are based on the analysis of varimice. The 
stations on a lake can be grouped^ by this method^ into areas or 
groups of stations within the same statistical, bacterial levels 
without the bias normally aisisociated with manual interpretation,,, 

T[im analysis of "variance is particinlar]y effective where bacterial 
concentrations va,]^ slightly thrO'UghQ'Ut the lake., Are,as or stations 

with only ,sli,^t differencee in bacterial concentr;atl.on can be 
ieolated* Areas or stations with statistically hi^er bacterial 
numbers reliab,ly indicate .an input* 

The results from all the an,alyses were orgaiii,zed as^ replieates representing 
the stations during the surrey period. All data were trMisfornied tO' lO'garithma 

(base 10^) ,an,d all further analyses were done using these transfoimed data. 
A geometric mean (the antilog.ar'ithm of the aver.ag:e of the logarithm) w.as 
calculated on each station and for each parameter. The validity of the 
analysis of Tsr'iance progrOTi (Al'OVA^CRE; Burger .5, 19T2) was based on the 
.as,sumptions that the variimces of all the stations were simlar (Bartlett's 
test of Homogeneity) and that the data, were no^imally 'distributed. 
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Vtm eoliform group is defined.^ accoirding tO' Standard Methods 
13t;h Edition. 5, as "all of the ^aerobic and faciiltative .an^aerobic, 
griffli-:negative ,^ Boa-sporefoimiiig rod-shaped bacteria which femeiit 
lactose with gas formation within ^48 hours at 35 ^C" and, or "all organisms 
■which produce a colony with a golden-greeii met^allie sheen within 
2ii^ hours oif incubation" itsing the W te'Chnit'ue „ This definition includes^ 
in addition to the intestinal forms of the Escherichia eoli gr^oup.,: 
closely related bacteria of the genera Citrobacter and Enterob-acter > 
The Enterobacter - iCitrob'Scter groups are coiiiiHon in soil,, but are 
•i^so recovered in feces in sm^SLLl numLbe:ra and their presence in water 
MG^ indicate soil nmoff or^ more important ^ less recent fecal pollution 
since these organisffis tend to survive longer In water th.aii do members 
at the Eecherichia group,, and even to multip^ when .suitable 
enviro_]am.ental conditions escist. A more specific test for colifonES 
of IntastinaO. origin is the fecal colifo:m test, with incubation of the 
organisiM at U1+,5'°C. ThoU;^ by no means completely selective for 
Escherichia coli s, this test has proved useful a^ ^i indicator of recent 
fecal pollution* 

Feeal streptococci (or enterococci) are also valuable indicators 
of recent ■fec-a:L pollution. 'These organiaris are large., ovoid graa-positive 
bacteria 5, occurring in chains „ They are normal. i:iti,^abit.an.ts of the large 
intestine of man and sm.imalSs. smd they generiaiy do not m'ul^tiply outside 
the body* In waters polluted with fecal material, fecal streptococci 
are usually fo:und along with coliform bacteria^ but in sm.aller numberSg, 
althou^. in. S'Ome waters they may be fo'un.d, alone. Their presence.,, along, 
with coliforra©-, indicates that at least a portion of the eoli forms in 
the SOTiple are of fecal origin.. 
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Both of these aa^s'i^mptions were cheeked on Chem'yng L^e. The Bartlett-s 
'tmrnt was. fomid tO' be non-significwit «id the data followed a normal 
Mstri'biition, hence the .analysis of visriance (P-teit^ Sokal^ I969) was 
calculated on all stations* 

If the F was signif icaj^t , then the multiple-t test was ^ised 

to help deteTmine the stations which sho'uld be deleted from the O'Verall 
group to yield a homo'geneous. group of stations . The withdrawn stations 
were re'groiiped with reispect to geographic' proxim,ty amd simlar means • 
The calculations on all groups were repeated iisi,ng the Mi.alysis- of 
variance prograii, until each discrete group was homogeneous.. 'The 
homogeneO'UB groups that were geographically isolated were compared 
by means of the Student*t teat (using the log GM Mid S,E,) which 
indicated the statistic.al difference between these groups. The Student- 
t test was. al.s.o used to ©Dn^are the grouped haeteriological data 
from the June^ Aug'ust and Septefflber surreys. 
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DISCUSSION OF .RESULTS 

Tamparature and Dissolved O^gen 

Four profile stations were established on Chemung hakei two 
(C-1 and C-3) were loc:atea in deep water mth nO' adjacent weed growth 
while the remaining two (C-2 .and C-i*) were located in dense igrowths of 
aquat i e macrophj tes .. 

Thermal stratification or temperature zonation with depth was not 

observed in Chemung Lake,. Temperature diff'erenees between the surface 
and bottom, strata were gener^ally less thaji l^C throughout the study 
(Figure 2) indicating the effect of Trertical mixing,, processes. Surface 
water temperature was highest {23*5'^'C) on Aiig^ust 9 at Station C-3. 
During the latter part of August^ air temperatures as low as. I'^-T^C were 
inst-runiental in reducing water temperatures tO' 17*6^C* 

In general complete vertical mixing of the water was evident throughoiit 
the study 9, as 03Qrgen concentrations rarely varied by more than 3'! saturation 
between the surface .and, bottom waters (Figures 2b ^ e .and d). At Station C-3 
OM July 1.., the dissolYed 0:Kyigen reached 28^ saturation Ira above bottom,, 
A plauEib,le e3cplan,ation for this low O'Xygen level is that the station ..is 
located in a confined basin at the north end of the Lake where wind action 
would be less effective in mixing the w.ater than in the main lajfce* 'fhls 
deep-water oxygen deficit results from, bacterial O'^cidation of organic 
matter, biological respiration end chemical oxidation,. 

pHs Tot.al Alkalinity., Hardness, ^ Free Carbon DioMde .and Conductivity 

In general 5, pH between the surface and bottom varied by no more thaa 
0.2 units, mid showed on,ly ni,inor fluctuations throughout the season^ 'The 
.average for the lake was calculated bm 8.0 pH 'unite,. 
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Total alkalinity miii haxdnass tended tO' be higheet duriog the w^a^est 
periods ol" June, July ;aiid August | values r^anged froii 115 to 159 Mg/1 and 
13^' tO' 172 mg/l for alkalinity and hardness respe'ctively (Tables 1 'and 2), 
llieae values Wfe IndicatiTe of :modermte,ly h^ard water quality conditions* 

Generally,, very low carbon dioxide levels (0^.0 ^3.8 mg/1) were obtaiaad.., 
Howe¥er^ at Station C-B, conceotrations were as hi:gh ,as 10*0' mg/l in the 
deeper strata during June^ JvlI^ and August, In re'lation to the large numher 
of aquatic maerophytes nes^ Station C~k^. the relatively high carbon dioxide 
levels recorded during September may be attributed to the death Mid, 
subsequent decay of weeds in this area. Additionally., heairy encrustations 
of marl undoubtedly' induced death of the plants. 

The l.ak,e was characteriied by veiy^ hi;gh conductivity readi,iige which 
reached a maximum of ^90 junQi.os/cin'^ and averag,ed 332 jiii4ios/ai,^'. Surface 
and bottom values differed by less th,an 10 ^;umh,os/cii3 in most cas^eS', 

Iron 

Cheii,im,g LaJce produced a m^axlmim iron eoneentration oC 0,20 mg/l 
but, in general J essaiibited levels of 0.05 n^/l or less at all depths and all, 
itationi . 

Chlorophyll a 

Algal levels bb reflected by chlorophyll b were in the I'OW to moderate' 
range during, May (2,. 3 to k.b ;ig/l) and June (0.5 to 6.1 )ig/l). Moderately 
high alg,al populations occurred during July^. Ai^iiS't and September when values 
ranged from. 3-1 to 9.8 jig/1, ^.1 to 11 jpg/1 and 3.0 to 9.5/ig./l reBpectively., 
The highest concentration of U /Jg/l was present at C-2* 
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The relationship between chlorophyll a and Secchi disc as determined from the 
recreational lakes surveyed in I97I5 as well as the individual chlorophyll a - 
Secchi disc values for Chemmig Lake* The Great Lakes values were added for 
coinparative purposes. 



Water clarity,,, which l,s one of the more Mpo'rtant parameters us.ed in 
defining water quality^ can be meastir-ed using a Secchi disc. Figure 3 presents 
a, chloro'phyll a - Sftcctii disc relatio'nsliip for a number O'f surface waters and 
clarifies the '"Tra'phic status*" of Cliemung Lake relative to num,erous. o^ther well 
kno'wn recreatiO'nal lakes in the Province (see BrO'Wn 1972 for derivation of chlor- 
ophyll a - Secclii disc relatio'nehipji . The enriched nature O'f Chemung Lake is 
reflected by its position between eutrophic Gravenhurst Bay and the Bay of Quinte, 
and the oligotrophic to mesotrophic Lake Ontario' and Eastern Basin, of Lake Erie 
(Figure, 3) . 

To'tal Kjeladhl litrogen and Total Phoephorus 

Total Kjeldahl nitrogen (as mg/l N) in the euphoitic zo'ne ranged fr.om 0,35 mg/l 

to 1. 00' mg/l and total phosphorus (as mg/l P) were in the range of 0„012 mg/l to 
0.089 mg/l for phosphoru,s. A pattern was not apparent between euphotic .zone and 
bottom concentrations for these nutrients • However ^ occasional elevated nitrogen 
levels, as high as 1.1 mgfl^ at near^bottom. locations indicated that the bottom sediments 
were probably being disturbed as a result of wind action. Distinct differences in 
nutrient concentrations were not detected between stations supporting dense weed growths 
and those devoid of aquatic macrop.hytes,^ Experiiients are currently being conducted by 
the Ministry of the Environment (formerly the QiWRC) to determine whether the imjor port- 
ion of nutrient uptake for weed growth occurs from the: water or sediments. 

Generally troublesome levels of algae appear when total pho..sphorus 
concentrations approximating 0*0,20 mg/l are attained. The mean value = 
of 0.028 mg/l fox total phosphorus exceeded this "value Indicating that 



^20- 



excessive aquatic pl^t and algae ,growtb,e ■will mater i.£ilize in Chemung Lake* 
As the lake is fOT the most part naturally enriched {Sche"i^^, 19Tl)s further 
inputs from agrieultural. runoff ^, infl'Cwing streans .and from malfimctioning 
or i.if^roperly installed domestic waste 'disposal systems will serve to 
accelerate the prO'Cess of eutrophi cation*. 
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Baeteriology 

Chemung Lake,, was well within the bacteriological criteria 
for total body contact recreatiO'Oal \me (OWRC,, 1970') during the three 
surveys 3 except for Group B in the Jim,e survey which exceeded the F'S criteria. 

In June, all stations on the lake displayed homogeneous Ij 1cm TC and 
FC mems of 30/100 ml and 3/100 ml respect ive,3;y (Tables 1 .and 2). However, 
the low TC geometric mean, '<ii,d not adet^ately represent fluctuations in TC 
concentrations during this survey,. Extremely high hackground counts were 
observed thro'ughout the laJke ^aTter the heavy rains on June 2k (l,.2i* inches) 
and ^■uim 27 (0,18 inches) recorded at the Trent University Meteorological 
Station. On June 25, every station eitlier had e^ctreroely high TC counts^s 
exceeding 1000 TC or had extremely high hackgrO'Umd counts which would mask 
the presence of tot^^ea coll forms,. Due to the antagonistic effect of 
background colonies, accurate enumeration of Total Colifonn.s was impossible 
on June 25; therefore., the overall TC me.an in June actually would have 
been higher thaa recorded. 

In J\me, the central portion of the lake (Groiup B) adjacent to 
Harrington Karrows exceeded the recreational use FS criteria vith 
25/100 ml (Table 5). Rainfall indueed runoff on Jwie 25 yielded very high 
FS counts at the majority of stations in this group, e:ffu:Sin.g' the overall 
geometric mean to exceed the criteria. 

Several is.olated shoreline stations (k^ 1,6, IT, Group E) had significantly 
higher FS means than Group A (Figure k) , The remainder of the lake was 
divided into three areas. Groups A and C with 3 FS/lOO ml an,d Gro'up D with 
5 FS/lOO ml (Table 5)-- 
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In A^gust (Figure 5)s rao^st of the l^ake yielded overall geemetric 
mfims of 6€ TC/lOO ml, 1 FC/lOO ml and 2 FS7l00 ml (Tables 3, h mi 5). 
'There were four axeas of higher TC densitie.^ (Table 3)" Group B (383/100' ml)^ 

Station 10 (193/100' ml), Group C (98^/100 al) mid Group A (66/100 al>, while 
■Stations 20' and 22 as well m^ Group F exhibited slight^ly IcMer TC densities, 
of 25/100 ml,: 23/100 ml and 23/100 ml respectiTely . The central .area 
of the l^,e (Gro^up B) displayed the lowest TC densi'ty of 19/100 ml, with 
Group E at the outlet e,3thi'biting; a significantly higher roe^em. of ^i^B TC/lOO 
ml (Table 3). 

Group G aloiig: the east shore from Stations 15 to 31 had the highest 

FS geometric mean of 8/100 ml (Table 5)* This section, of the e.aetern shore 
is mmnly f^armlaiid, suggesting that .agricultural run,off was responsible 
for the .significantly higher FS .mean.,. Three are.as ( &oup H, Stations 
20 .an,d ^O) had significaotlj higher FS means of 5/100 ml. 

lun.off frOTi light rainfall on August 10,, 11 ^ 12 .^ 15 and l6 mused 

some dai,ly TC and FS counts to exceed 1000 TC/lOO ml .and 20 FS/lOO ml, 
especialljr the TC counts in Group D and the ¥B counts in Group G. 

In September j ( :Fi.gure 6) all stations displayed hoffiogeneous.ly loyr 
TC, FC .and FS^ means of 20/.100 ml, 3,/100 ml and 3/100 ml respectively, 
(Tables 3, k and 5) with the exception of Stations ik,^ .2'6, 33 .md 36D. 
These stations had significantl^r different TC means of T6/100 ml^ 52/100 ml^ 

6/100 ml and 6/100 ml respectively. R.ainfal.ls previous to the Bt.a.rt. of the 
survey 5 0.1^ inches on September 15$ and during the survey ^ 0,11 inches o.n. 
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September l6 md 0.2? inches on September 19, was. respoiislble tor extreme l^r 
high TC, FC and FS. eotants oa the days following the rain* 

Although Chemung Lake was general,ly well within the haeteriological 
criteria for recreational use, no surface water is eonsider^.d pot^^le 
withQut prior treatment including idis infection. 
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Table 1: Data ranges for temperature, dissolved oxygen, pH, carbon dioxide, total aJOcalinity, and conductivity 
for Stations C-1, C-2, C-3 and C-U on Chemung Lake during 1971- 



Station Sample 
Depth 



Temperature 
^C 



D.O. 
% Sat. 



pH 



COp 
mg/1 



Alkalinity 
mg/l 



Conductivity 





C-1 


Im 
Bottom 


lU.1-23.5 
lU.1-23.2 


7it-110 
78- 95 


7.6-8.3 
7.7-8.1 


0,0-3.8 
1.0-3.6 


121-1U8 
122-ll»7 


205-U65 
205-»»75 




C-2 


Im 
Bottom 


13.&-2U.9 
13.7-2it.l 


78-110 
78-108 


8.0-8.1+ 
7.9-8.5 


0.0- 3.6 
0.0- 3.9 


118-135 
116-159 


275-1*1*5 
255-1*15 




C-3 


Ln 
Bottom 


lU.l-2lt.5 
1U.0-22.B 


78-115 
28-103 


T.U-8.5 
7.6-8. U 


0.0-10.0 
0.0- 7.2 


121*- 129 
12U-13U 


205-1*05 
205-1*10 


1 
ho 

00 


C-U 


Im 
Bottom 


13.7-23.0 
13.3-23.0 


73-101 
66-101 


7.8-8.5 
7.9-8.3 


0.0- 5.1* 
0.0- U.8 


II5-II49 
IIU-II48 


180-1*90 
215-1*85 



TABLE 2: 



Data ranges for hardness (ing/l)» iron (mg/l), total l^eldahl nitrogen (mg-N/l), total 
phosphorus (mg-P/l) , Chlorophyll a (^g/l) and Secchi disc (m) for Stations C-1, C-2, 
C-3 and C-U on Chemung Lake during 19 Tl. 



Station Sample 
Depth 



Hardness 
mg/l 



JSfiZL 



TKN 
mg N/1 



Total-P 
mg P/1 



Chloro a 



Secchi Disc 
m 






C-1 
c-2 
C-3 
C-k 



Composite 
Bottom 

Composite 
Bottom 

Composite 
Bottom 

Cccposite 
Bottcxn 



1U4-170 
lUU^172 

136-152 
I3U-I52 

II+I+-I52 
lUU-152 

136-168 
136-168 



0.0-0.15 
0.0-0.10 

0.0-0.10 
0.0-0.09 

0.0-0.10 
0.0-0.10 

0.0-2.20 
0.0-0.22 



0,38-0.79 
0.36-1.10 

0.35-0.70 
0.36-0.70 

O.UO-0.80 
O.U5-O.63 

0.38-1.00 
0.52-0.68 



0. 016-0. OUO 

0.015-0.07^ 

0.012-0.038 
O.OU-0.036 

0.016-0.089 
0.008-0.036 

0. 021-0. OU7 
O.O2U-O.OU2 



0.5-5.8 

1.8-11 

1.2-9.6 

0.6-8.5 



1.9-5.7 
1.3-3.9 
l.U-2.2 
1.3-2.6 



E^O'LMATION OF TERMS IN BACTERIOLOGICAL TABLES 



F - the calculated analysis of variance statistic 

on F ratio. 

df - degrees of freedom of the F ratio for "between group" 

and "within group" variation. 

F(5%) - the F ratio from a statistics table (Rohlf 1969). 

If the calculated F is greater than the F(5%), a 
significant difference (SD) occurred between the 
groups in the analysis. If the F is less than F(5%), 
no significant difference (NSD) occurred. 

log GM - the logarithm (base 10) of the geometric mean. 

S.E. - the standard error of the log GM where 

S.E. = s and s = standard deviation 



N - the number of values in the mean, 

GM - the geometric mean of the bacterial level. 

t - the calculated test of significance or student t-test 
used to compare stations, groups and a survey. 

If t for the number of degrees of freedom shown is 
greater than the critical t value, a significant 
difference (SD) occurs. 

SD refers to a significant difference at the .05 level 
but no significant difference at the .01 level. 

SD* refers to a significant difference at the .01 level 
but no significant difference at the .001 level. 

SD** refers to a significant difference at the .001 level. 
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TABLE 3 

Analysis of Variance Summary of Groups 

Parameter - Total Coliform (TC)/100 ml 



SUF;VEY 


JUNE 


AUGUST 




SEPTEMBER 


Group 


All Stations 


All Stations 


All 


Stations 


F 
df 
F(.05) 


0.660 
1»2, 139 
1.U86 
NSD 


3.337 
k2, UlO 
1.U38 
SD 




1.713 
35, lU2 
1.713 
SD 



Group 



F 
df 
F(.05) 



Log GM 
SE 

N 
GM 



All stations 


Stations 1 to 9, 


All 


stations except lU, 




13, 15 to 19, 


21, 


26, 


33 and 36D 




23, 26 & 27 










1.502 






1.081 




19. 198 






31, 126 




1.8U 






1.55 




NSD 






NSD 


I.U7U3 


I.818U 






1.2901 


0.0538 


0.0592 






0.0329 


182 


209 






158 


30 


66 






20 



Group 



F 

df 
F(.05) 



Log GM 
SE 
N 
GM 



B 

Stations 2U, 25, 28, 
31 - 3U 

1.291 
6, 70 
2.25 
NSD 

1.2785 
O.OU85 

77 

19 



Group 



F 
df 
F(.05) 

Log GM 

SE 

N 

GM 



Stations 35, 37-1*0 
1.237 

2.61 

NSD 
1.9925 
0.1029 

51 - 31 - 

98 



Table 3 - 


continued 








SURVEY 




JUNE 


AUGUST 


SEPTEMBER 


Group 






D 

Stations 11, 12, 
14, ll*D 




F 

df 
F(.05) 






O.U75U 
3, 37 
8.59 
NSD 




Log GM 
SE 
N 
GM 






2.5831 

O.IU76 

1*1 

383 





Group 



E 



t 

df 
t(.05) 



Stations 29, 30 

0.88U 
20 

2.086 
NSD 



Log GM 
SE 
N 
GM 



1.6379 

0.1296 

22 

1*3 



Group 



F 



Stations 36, 36d 



t 

df 
t(.05) 



0,053 
18 

2.101 
NSD 



Log GM 
SE 
N 
GM 



1.3756 

0.1817 

20 

23 
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Table 4 
Analysis of Variance Summary of Groups 

Parameter - Fecal Coliform (FC)/100 ml 



SURVlsY 


JUNE 




AUGUST 


SEPTEMBER 


Group 


All 


Stations 


All 


Stations 


All 


Stations 


F 
df 
F(.05) 




1.077 
1*2, 169 
I.I473 
NSD 




1.137 
U2, 1421 

1.1+37 
USD 




0.662 
35, 11*1 
1.510 

NSD 



Group 



All stations All stations 



All stations 



F 
df 
F(.05) 

Log GM 
SE 

H 
GM 



0.14282 


0.1032 


o.osH 


0.0131 


212 


k6k 


3 


1 



0.1»008 

O.OU08 

177 

3 
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TABLE 5 

Analysis of Variance Summary of Groups 

PELTameter - Fecal Streptococcus {FS)/100 ml 



SURVEY 




JUNE 


AUGUST 




SEPTEMBER 


Group 


All 


Stations 


All Stations 


All 


Stations 


F 

df 
F(.05) 




3.811 
U2, 170 
1.U73 
SD 


3.025 
U2, U21 
1.U37 
SD 




0.896 
35, litl 
1.518 
NSD 



Group 



All stations except All stations 
21, 2k to kO except 15, 17, 

19, 20 - 28, 30, 
31 & 3h 



F 
df 
F(.05) 




1.765 
20, 81* 
1.66 
NSD 




1.138 
30, 30k 
1.1+6 
NSD 


Log GM 
SE 
N 
GM 




0.1+21*2 

0.01+62 

105 

3 




0.2683 

0.0605 

3I+U 

2 


Group 




B 




G 




Stations 

21, 21* - 32, 35 


Stations 
15, 17, 19, 
20 - 28, 3l+ 


F 
df 
F(.05) 




0.521+ 
10, Uk 
2.062 
NSD 




0.987 
6, 70 
3.71* 
NSD 


Log GM 
SE 
N 
GM 




1.1+039 

0.091*3 

55 

25 




0.8859 
0.0681 

77 
8 



All stations 



0.1+810 

0.0lt5lt 

177 

3 
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Table 5 - continued 

SEPTEMBER 



SURVEY 




JUNE 




AUGUST 


Group 




C 




H 




Stations 
36, 36d, 39, 


1+0 


Stations 
30, 31 


F 
df 
F(.05) 




1.182 
3, 16 
3.2J* 
NSD 




t = O.13U 
20 

t(.05) = 2. 
NSD 


Log GM 

SE 

N 

GM 




O.U2U8 

O.IU7O 

20 

3 




0.7159 

0.1895 

22 

5 


Group 




D 








Stat 


<ions 33, 


3I4 




t 
df 
t(.05) 




O.U2I 
7 

2.365 
NSD 






Log GM 

SE 

N 

GM 




0.7016 

0.2005 

9 

5 
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TABLE 6a 

Summary of Tests of Significance Between Anadysis of Variance Groups Between 
Surveys 

Parameter - Total Coliform (TC) 



SURVEY 
August 


JUNE 
Group A 
t = U.717 
df = 389 
t(.05) = 1.960 
SD»» 


September 


Group A 
t = 2.826 
df = 338 
t(.05) = 1.960 

SD» 


TABLE bb 




Parameter - 


Fecal Coliform (FC) 


SURVEY 


JUNE 


June 





AUGUST 



Group A 
t = 7.152 
df = 365 
t(.05) = 1.960 
SD*» 



SEPTEMBER 

Group A 
t = 0.517 
df = 387 
t(.05) = 1.960 

NSD 



August 


Group A 
t = IO.7U1 
df = 67^+ 
t(.05) = 1.960 
SD»» 


TABLE 6c 




Parameter - 


- Fecal Streptococcus (FS) 


SURVEY 


SEPTEMBER 


August 


Group A 
t = 2.352 




df = 519 
t(.05) = 1.960 
SD* 



Group A 
t = 9.OI+O 
df = 639 
t(.05) = 1.960 
SD*» 
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GLOSSARY OF TERMS 



ALKALINITY 



ANOXIC 

BACKGROUND COLONIES 



CHLORIDE 



CHLOROPHYLL a 
CONDUCTIVITY 



DIATOMS 



EPILIMNION 



EUPHOTIC ZONE 



EUTROPHIC 



:The alkalinity of a water sample is a measure 
of its capacity to neutralize acids. This 
capacity is due to carbonate, bicarbonate and 
hydrozide ions and is arbitrarily expressed as 
if all of the neutralizing capacity was due to 
calcium carbonate alone. 
: Refers to conditions when no oxygen is present. 
: Background colonies are other lake water bacteria 
capable of growing on the total coliform plate, 
in spite of the inlierent restrictive conditions. 
: Chloride is simply a measure of the chloride 
ion concentration and is not a measure of 
chlorination, 
:A green pigment in plants. 

: Conductivity is a measure of the waters ability 
to conduct an electric current and is due to the 
presence of dissolved salts. 
:UnvLcellufer plants found on .ill continents and in 
all types of water where light and nutrients are 
sufficient to support photosynthesis. They are 
comprised of two siliceous frustules (cell walls) 
which have an outer valve (epitheca) fitting 
over the inner valve (hypotheca) like the lid on 
a box. The siliceous deposits comprising the 
frustules vary in regular patterns according to 
the individual species. 
:Is the thermally uniform layer of a lake lying 
above the thermocline. Diagram I. 
:The lighted region that extends vertically from 
the water surface to the level at which photo- 
synthesis fails to occur due to insufficient 
light penetration. 
iWaters containing advanced nutrient enrichment 
and characterized by a high rate of organic 
production. 



1 



1 
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EUTRDPHICATION 



FECAL COLIFORMS (FC) 



FECAL STREPTOCOCCUS (FS) 



HARDNESS 



HYPOLIMNION 



KJELDAHL NITROGEN 



MESOTROPHIC 



METALIMNION 
OLIGOTROPHIC 



pH 



PHOSPHORUS (TOTAL) 



:The process of becoming increasingly enriched 
in nutrients. It refers to the entire complex 
of changes which accompanies increasing nutrient 
enrichment. The result is the increased production 
of dense biological growths such as algae and 
aquatic weeds which generally degrade water quality 
and render the lake unsuitable for many 
recreational activities. 

: Fecal coliforms are bacteria associated with 
recent fecal pollution fVom m^m and animals. 

; Fecal streptococcus are bacteria associated with 
fecal pollution from animals and to a lesser 
extent man. 

: Hardness of water is a measure of the total con- 
centration of calcium and magnesium ions expressed 
as if all of the ions were calcium carbonate. 

:The uniformly cold and deep layer of a lake lying 
below the thermocllne, when the lake is thermally 
stratified. Diagram //I 

:Sum of nitrogen present in the ammonia and organic 
forms (it does not include nitrite or nitrate). 

:Waters characterized by a moderate nutrient supply 
and organic production (i.e. midway between 
eutrophic and oligotrophic) . 

:See thermocllne. 

rWaters containing a small nutrient supply and 
consequently characterized by a low rate of 
organic production. 

:Is the measure of the hydrogen ion concentration 
expressed as the negative logarithm of the molar 
concentration. 

:Sum of all forms of phosphorus present in the 
sample. 
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SECCHI DISC :A circular metal plate, 20 centimeters in 

diameter, the upper surface of which is 
divided into four equal quadrants* Two 
quadrants directly opposite each other are 
painted black and the intervening ones white. 
The secchi disc is used to estimate the 
turbidity of the lake water. 

THEBMAL STRATIFICATION iDuring the spring, vertical temperatures 

in a lake are homogeneous from top to bottom. 
As summer advances, the surface waters become 
warmer and less dense than the underlying 
cooler waters. A strong thermal gradient 
(Thermocline) occurs giving rise to three 
distinct water layers. The variation in 
density between layers retards mixing by 
wind action and water currents. Diagram #1. 



THERMOCLINE 
(metalimnion) 



:The layer of water located between the 
epilimnion and hypolimnion in which the 
temperature exhibits a decline equal to or 
exceeding 1 C increase per meter. 



LAKE 



SURFACE 



Diagram #1 



EPILIMNION 



THERMOaiNE 
(METALIMNION) 



HYPOLIMNION 



TOTAL COLIFORMS (TC) 



TROPHIC STATUS 



iTotal conforms are bacteria commonly 
associated with fecal pollution but may 
also be present naturally in the environment, 

: Depending upon the degree of nutrient 
enrichment and resulting biological 
productivity, lakes are classified into 
three intergrading types: 
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TROPHIC STATUS 

(continued) : oligotrophies meso trophic and eutrophic. 

If the supply of nutrients to an oligotrophlc 

lake is progressively increased, the lake will 

become more mesotrophic in character and 

with continued enrichment it will become 

eutrophic. 
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